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Studios  o i the  solution  propc^ ciee  ol'  polymers  are  generally  concerned 
with  the  elucidation  of  the  size  and  shape  of  the  isolated  macromolecules  and 
with  the  interaction  of  these  molecules  in  solutions  of  finite  concentration. 

A suitable  extrapolation  to  infinite  dilution  of  such  functions  as  reduced 
viscosity  or  reduced  osmotic  pressure  supplies  information  of  the  first  type, 
while  the  concentration  dependence  Gf  these  functions  can  be  interpreted  in 
terms  of  molecular  interaction.  If  the  solvent  medium  or  the  temperature  is 
changed,  the  extent  of  aggregation  of  the  polymer  will  be  affected,  but  since 
the  forces  between  polymer  segments  belonging  to  different  macromolecules  are 
the  same  as  those  between  segments  of  any  one  chain  molecule,  such  changes  will 
alter  both  the  interaction  parameters  ar.d  the  parameters  characterising  the 
isolated  polymer  molecule. 

An  attempt  at  a now  approach  to  the  study  of  polymer  interactions  has 
recently  been  reported  from  this  laboratory, ^ Instead  of  studying  the 
solution  behavior  of  a single  polymer,  solutions  of  mixtures  of  two  polymers 
similar  except  for  the  presence  of  a few  acidic  and  basic  groups  respectively 
were  investigated.  Thus  it  was  possible  to  vary  the  extent  of  polymer-polymer 
interaction  in  a constant  solvent  medium  at  constant  temperature  by  varying 
the  ratio  of  thu  two  polymers  ir>  solution.  Solution  viscosity  studies  showed 
that  the  slopes  of  reduced  viscosity-concentration  riots  increased  sharply 
with  an  increase  in  the  number  of  interacting  groups.  The  intrinsic 
viscosities  of  the  mixed  polymers,  on  the  other  hand,  wore  normal,  indicating 
that  the  effect  of  polymer  association  is  eliminated  by  the  usual  extrapola- 
tion procedure. 


It  has  boor,  reported  that  tho  molecular  weights  of  certain  polymers,  as 
calculated  from  the  roducod  osmotic  pressure  extrapolated  to  infinite  dilu- 
tion, vary  with  temperature  or  the  solvent  medium.^  This  bohavlor  is 

apparently  due  to  the  formation  cf  relatively  stable  association  complexes 
of  the  polymer  molecules,  which  may  be  duo  to  a tendency  of  the  polymer  to 
form  microcrystallites,  ^ to  the  presence  of  polar  catalyst  residues  ir. 
non-polar  polymers'^  or  a ncn-polar  cc-monomcr  in  a hydrophilic  polymer 
By  measuring  osmotic  pressures  of  solutions  of  mixed  acidic  and  basic 
pclycrs  with  Unov/n  concentrations  of  interacting  groups,  i different  sol- 
vents and  r.t  different  temperatures,  e syst e-^.tic  study  of  such  association 
phenomena  can  be  carried  out.  Ir.  the  present  investigation  copolymer*:  cf 
methyl  methacrylate  v/ith  methacryl ic  acid  and  di-ethylarri.ro  ethyl  rr.cth- 
acrylatD,  respectively,  were  us^d.  These  systems  wore  chcser.  because  cf  tho 
similar  reactivity  characteristics  cf  the  mor.om..rs,  so  that  copoiymcriration 
could  be  carried  to  fairly  h i oh  conv.rsior.  without  danger  '-f  an  appreciable 
drift  ir.  the  composition  of  the  cope lymer . 

?V\.T ZRIA.LS  A-:-  PROCEDURE 
’'onom.rs  and  polymerisation  catalyst 

tf-thyl  methacrylate  (Rohm  ar.d  Haas  Co.)  was  distilled  'under  nitrogen 
at  a pressure  of  3.5  mm.  Hr.,  ccllectirg  t'n-’  material  within  the  boiling 
range  of  17*C-18*C. 

Glacial  met  ha  cry  i ic  acid  (Rohn  tr.d  Haas  Co.)  rcs 
nitrogen  at  & pressure  cf  20  m.m,  Hf.,  rn  p.  70*C.). 


dir  till  s under 


Dimethylnrcino  ethyl  methnery  Into  (Monomer-Polymer, Inc. ) hub  distilled 
after  addition  of  0.2 % pioric  acid  inhibitor.  The  boiling  rtmgo  mis 
65.5*C.-56.5*C.  at  3.5  nri.  Hg. 

Azo-bis-isobutyranitrile  obtainod  from  the  Eastman  Kodak  Co.  was  used 
without  furthor  purification. 

Preparation  of  copolymers 

Copolyr.or  A nus  prepared  by  heating  361  gms . methyl  methacrylate, 

16.4  gms.  mothacrylic  acid,  361  gms . benzene  and  0.722  gm s.  azo-bis- 
isobutyronitri le  catalyst  for  6^r  hours  ct  60*C.  The  reactants  woro  shaken 
every  hour.  The  polymer  solution  was  diluted  with  3000  ml.  butmonc  o-nd 
precipitated  into  a seven-fold,  excess  of  hexane.  The  polymer  was  purified 
by  reprecipitntien  fro-  a 3?!  butanonc  solution  into  a ten-fold  excoss  of 
hexane  and  dried  in  vacuo  at  40*C.  yield  was  173  gms.  (46%  conversion). 

Copolymer  3 was  prepared  from  235  gms.  methyl  methacrylate,  24.4  gns . 
ditrethylarrJ.no  ethyl  methftorylatc,  0.59  gms.  azo-bis-isobutyronitrile  and 
295  gms.  benzene.  The  polymerization  and  polymer  purification  v/erc  carried 
out  ir  the  same  manner  as  with  copolymer  A.  The  yield  was  143  gms.  (455% 
conversion) . 

Analysis  of  copolymers 

The  copolymers  ?.*orc  analyzed  by  titration  of  0.5?i  solutions  in  a 
bonzanc-ethano  1 mixture  containing  90?'  by  volume  of  benzene.  Sodium 
uthoxide  ir  the  sn-._  solvent  mixture  and  phenolphthnlcir.  indicator  wore  used 
tc  del  ermine  th~  carboxyl  content  of  oopolym<  r A.  Nitrogen  v.r.s  passed  through 


tho  solution  during  the  titrr.tion.  Thu  sodium  ethoxide  solution  was 
standardised  against  benzoic  acid  in  the  sane  solvent  tedium.  A solution 
of  HCl  in  the  bcnzene-othnnol  mixture  (prepared  by  adding  0.05  ml.  12} 
aqueous  HCl  to  100  ml.  of  tho  mixed  solvonts)  was  used  to  titrate  the  amine 
in  copolymer  F.  >*ethyl  orange  indicator  .ms  used  and  the  titrating  solution 
was  standard!* cd  against  sodium  othoxide. 

Topolymor  A ras  found  to  contain  4.9  - .0?  mol  % methacrylic  aoid, 
copolymer  B contained  6.83  * 0.07  nol  % of  dimethyl  amino  ethyl  methacrylate. 
This  compared  with  5 mol  of  the  acidic  and  basic  co-monomer  respectively  in 
The  mixed  monomers. 

Osmotic  pressure  noasuremont 

Technical  butanonc  was  dried  over  right  over  anhydrous  calcium  chloride, 
filtered  and  distilled.  The  medium  friction  boiling  at  79.6#C.  was  colloctcd. 

Bcr.zanc  and  pyridine  (’hllinckrodt  analytical  reagent  grade)  wore 
similarly  dried  and  distillod.  Wot  regenerated  cellophane  film  membranes 
type  300  obtained  from  Sylvan  ir.  Division,  American  Viscose  Oonp-.ny  were  usod 
after  conditioning,  to  the  r.ppronri*  tc  solvent. 

Zimm-’tyersor.  osmometers  having  stainless  steel  plates  •• rcr ^ employed. 
Temperature  fluctuations  of  the  thermostatic  bath  used  for  tho  measurements 
■ <ere  loss  than  C.005*T.  Osmotic  equilibrium  .vas  nttairr.d  within  1-3  days 
for  all  solutions  containing  an  oxcoss  of  basic  polymer  herons  equilibrium 
was  approached  progressively  more  siu”ly  for  solutions  containing  an  increasing 
excess  of  acidic  poly-'or  in  benzune  or  butarone.  F^r  the  pur  acicic  polymer 
in  butr.r.mr.e,  the  osmotic  pressure  increased  continuously  for  about  20  days. 
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This  slow  approach  to  equilibrium  w s not  caused  by  the  slowness  of  the 
diffusion  process  through  the  membrane  since  attempts  to  raise  tho  solution 
level  ir.  tho  .sn-meter  ’•••ere  followed  by  a rapid  drop  of  this  level,  followed 


by  e.  slow  rise  rs  if  there  h' a boor,  no  interference.  By  contrast,  osmotic 
equilibrium  with  pyridine  solutions  of  tho  acidic  polymer  were  reached  very 
rapidly  ('.bout  3 hours).  In  this  case  there  was  considerable  diffusion  of 
the.  polymer  through  the  membrane  which  had  to  be  allowed  for  by  a suitable 
extrapolation  to  tore  time. 

Since  bor.rer.6  solutions  containing  mixtures  of  the  acidic  and  basic 
cop'ly'ers  tone  t gel  bcl  . 45*C.,  special  precautions  had  to  be  ebserved 
in  preparing  th.  solution  and  filling  the  osmometers. 

The  slopes  and  intercepts  of  the  rcducod  osmotic  press  .c  plots  were 
calculated  by  the  least  squares  mrthod. 


hESVLTS  AT! F ."ISfUSSION 


The  reduced  ^rmtic  pressures  >f  solutions  of  the  cjpolymers  A and  B 
and  th-.ir  mixtures  in  but- non-  t 3G.2°C.  -r.d  50.1*C,  ana  in  ber.rcno  at 
49.7*C.  are  plotted  ir.  Figures  1,2, 3, 4, 5 and  6.  In  all  cusos  the  reduced 
asm. tic  pressure  is  u linear  fur.cti  n f c^ncentrati  n,  th  slope  changing 
gr'  dually  fr  - the  slightly  psitive  valu*  1‘  cap  lymer  B to  the  slightly 
negative  si.  pc  ~i  -r  p lymcr  A.  It  ' ouurs,  that  this  si<  pe  is  linear  in 
the  weight  c "p.  sition  f th  . mixture  (Figure  7). 

The  molecular  •.•oig'its  >f  the  basic  e'P'  lymer  oaiculatee  fr^m  the' 
inf  .reepts  •*"  th  reduc  e >r.r  tic  -r-essuro  pi  ts  in  the  tv;  ■ s lver.ts  checked 
v/ithir:  the  experimental  error  (135,000  inJ  134,000  ir.  butnneno  at  30,2*C. 


and  50.1*C.  respectively  ■ r.d  137,000  ir.  benrene).  By  contrast,  the  acid 
r,  p lyntr  sr.  -wed- str  np  association  in  bor.Zur.e  at  49.7*C.  with  r.n  apparent 
n locular  weight  -f  184,000  os  against  values  of  42,200  and  34,000  obtained 
fr  ?r  the  osmotic  pressuros  Ln  butan'r.e  at  30.2*C.  and  50.1*C.  respectively. 

Tj  eliminate  the  uncertainty  as  to  the  true  molecular  weight  of  the  aoid 
C'p  lymer,  osmetic  pressures  v/orc  determined  in  pyridine  at  49,7*C,  In 
this  basic  solvent  carboxyl  ass  -elation  is  unlikoly  and  the  molecular  weight 
"bt'-inod  vas  32,300. 

On  extrap  lating  th*j  reduced  ^smetic  pressures  of  the  mixed  copolymers 
t ter.  c-ncentrati  r.s,  very  low  •/'.lues  .ore  obtained,  which  in  most  cases 
-vere  actually  lover  then  those  of  either  enmp-nent  of  the  mixture.  Since  all 
p lymer  aggregates  must  necessarily  dissociate  at  infinite  dilution,  the 
results  indicate  that  this  dissociation  becomes  appreciable  only  in  solutions 
toe  dilute  for  - smotic  pressure  measurement.  In  Figure  8,  th . reciprocal 
apparent  number  average  molecular  v.vights  (l/Mn)  calculated  from  the  reduced 
ism.. tic  pressure  intercepts  are  given  us  u function  of  the  '.v eight  composition 
of  the  -op  lymor  mixture.  If  there  ie  r.  associati-n  between  the  components 
. f a mixture,  the  reciprocal  number  average  molecular  weight  is  linear  in  the 
weight  c mp- siti  ;n  r.d  th  - - '.shed  line  in  Figure  8 represents  the  l/*"'n  values 
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'•vn  H and  are  the  m locui'-r  .’^ients  .f  the  tv-  p lyner  species,  i; 
the  -.voipht  fr:. cti  n if  c p lyner  A in  the  p ly"*cr  nixturc  nr. d c is  the  total 
p ly^er  c .'.nctr.tr*'  ti  n.  The  functi  on  f(o<^)  is  ur.Ja.'-vn,  sir.ci.  the  osn.'tic 
pressures  in  the  c mcertr -ti  *r.  rare  in  '..hicr.  the  p ly-or  aggregates 


reie-ht  c ^p  siti~>r.  f the  c p:lyw  r fixtures  ir  Figure  9.  It  enn  be  seen 
thnt  in  fc-itr.n  m:  t'r  number  nf  p<, lyner  rrv  loculer.  fr  mir.g  .~r.  aggregate  in- 
cro vses  steeply  . r.  nixing  the  tv  c p lyners,  sharp  naxinr.  of  D =»  5.43  and 
D * 3.20  being  obtained  for  : mixture  'f  equal  weights  of  the  tv;:  components 
f t 30.2*r>.  and  50.1*C.  respectively.  ^r.  benzene,  the  results  indicate  that 
acid-base  interneti  n is  superimposed  on  string  carb  xyl  association.  A 
published  study  f torn  an,'  systems  containing  benzene,  lev;  molecular  weight 
carb-  xylic  acids  (A)  and  tertiary  anincs  (y ) indicated  the  presence  of 
c-nplcxes  ->f  the  type  >’A  and  NA^  in  addition  t'  NA  and  k%  and  similar 
equilibria  exist  pr  bably  in  s'lutior.s  f the  nixe*  nop -lymcrs  ir.  benzene*. 

A themodyna^ic  treatment  f th.  results  is  given  in  th-  Appendix.  If 
the  idc-.l  state  >f  the  cop  ly->cr  A is  thu  r v hypothetical  slution  of 
the  s~mc  empositi-n  fr'n  which  p ly^er  ass 'ci'.ti on  is  eliminated,  then  its 
activity  coefficient  in  pres  tc.  f *uch  ass  ci  ti  r is 


diss  ci- .to  an*  app? 


id, -cl  s'-luti  i.  b- h vi  r. 


arc  t sx  11  t b~ 


measurable.  As  u result,  only  relative  octivity  coefficients  can  be 
calculated.  An  analogous  express!:, n h-.  Ids  frr  activity  coefficients  of  the 
basic  cop  .lymer.  Values  , f ft) . end  for  butanono  srlutionc  at  50.1*C. 
are  plotted  in  Figure  10.  In  these  s-luti-ns  the  interpretation  of  the  ro- 
sults  is  simplified  by  the  virtual  absence  of  any  association  of  the  acidic 
copolymer.  The  activities  ~f  the  t\*o  p lymors  arc  given  by 


1 ♦ ,3 

- o"&A  * f(«-A)c  A 


A 

^B  B * f ^*B^C 


“A 


(3) 


s that  ir.  the  composition  range  in  which  A or  ft  is  smaller  than  -1,  the 

A B 

activity  of  the  oerresp  nding  pelyner  species  doercasos  with  increasing 
c ncertratian.  77c  be-lievo  that  ar.  effect  this  kind  has  not  previously 
been  observed. 

Since  this  study  was  exploratory  ir.  nature,  un fraction' ted  p lymor 
sa-ples  vrero  used.  It  has  been  rop'-rted.  ^ that  the  degree  'f  association  ^f 
p lynore  which  tend  to  aggregate  increases  with  the  molecular  ’.voight  of  the 
P'lyner  fraction  and  this  obsorvuti  -r.  sh'uld  be  checkod  with  p->lyraors  having 
known  c 'ncentr' ti 'ns  of  interacting  gr:ups. 

The  authors  arc  grateful  t-  ,fr.  L.  S.  whnng  end  '*r.  M.  Silborborg  for 
the  prep' ration  ana  analysis  of  the  c p lyrurs  used  in  this  v/erk. 


•»  8 — 


APFElIDIXi  Activity  Oof ficlcnts  af  Acidic  unrt  Basic  P^lym^rs  ir.  Solutions 


•'f  their  ,*ixturcs . 

Consider  a ternary  system  c T.toinin;;  a 6 a Ivon  t (denoted  by  subscript  :>) 

and  two  inter’. cting  polymers,  A and  3.  Through  osmotic  pressure  measurements, 

the  partial  n-lar  free  energy  of  the  St  lvent  £Fq  is  kn.wn  as  a Function  of  the 

c -p  siti  n i the  system.  Fr  in  theso  £F0  values  ore  want  to  dorivo  values  of 

partial  n->lar  free  energies  of  the  polymer  components.  Denoting  by  n the 

/O 

nurber  of  miles  of  the  one  on  cats,  M their  molecular  waists  and  1 dhoir 
densities,  wo  have  for  a constant  total  volume  of  the  solution  V 


f 

a‘/5F0 

dn0 

aZ5Fc 

\ ft. 

3£FC 

V^A  / nBV 

1 

w 

O 

dnA  3nA 

9no 

M /°4 

*n  A 

3nA 

For  dilute  solutions  tho  concent  rati  -,r  f polymer  A is  .approximately 
c.  =>  n.w.  |°  and 

/v  II  Ik  I O'  0 


^fo)  t CaV  c,A^°o  f _ cyA^o  0 f^A 

f 1 CA / CBV  ? onO  V ^ A/  no’‘o^A  9 c anA  noUo^.  3 c no  Sc 

(5) 

v.here  c is  the  total  c*  ncentr-ti.-n  of  the  mixed  polymers. 

Since  is  relate  ' t sretic  pressure  by  dF0  * IT  *WV>».  • 

• nd  c a//°a  is  s"»t  11  c nparc-d  to  unity, 

D<yA  /'I  1 

3 c (J  V®  CA/°BV  * "7^ 

All  experimental  results  ir  this  study  c t. formed  t a concentration 
oepen-1 -r.co  of  >sm;tic  pressure  .(  the  form  7T-  Xc  ♦ Yc^  >«horo  X and  Y were 
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fur.cti  ^ns  -f  0CA  =■  cA/c,  thj  weirht  frocti'>r  -f  polymer  A in  the  mixod 
pt-lyner.  Thus 


3P  dX 


+ X + IB  dY 


Me2  dot*  ' c * c2  d**  * 21  “ rk 


X 2 Ye 


■J 


(V 


II'  we-  define  the  activity  coefficient  of  polymer  A by  » nk/a*x  » 
where  n.  is  the  actual  activity  and  a*,  the  activity  that  would  result  in  the 

/V  A 

absence  ■->!'  specific  interactions  bat ween  the  polymers,  then 


£FA  " &k*  " K lr.3T 


(0) 


In  the  absence  of  specific  interactions  the  intercept  of  the  reduced 

RT  rt 

osmotic  pressure  ?1-  t of  a nix-d  p.  lynor  is  X » Of  — * (1-ct*)  TT~ 

/v  fn  A Mi 


RT  RT 

and  dX/doC  * — - — . Since  tho  see-  nd  virial  coefficient  Y appears  to 

A ^ 

be  unaffected  by  the  acia-baco  interaction  -f  the  p lymors^ 


3 / — — *i  3 en 

-f-  (^a-^Fa  V-  RT- 


3 c 


k{%^-  . « . «L)  h_  i £ . Si  *Vi  . i)l 
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and  since  /V  — 

/5.  C 

1 /\ 


Sln^A  r 
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RT0  daL4 


c *>*o  i " U'^-’A 

and  in  terms  f the  "de*proc  of  ass~cir.ti.jn  D"  defined  by 


RT 


O) 

(10) 


D » 1 r7i_  x ) SL  + <v . ■SL  1 


we  -btain 
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Ref7  ed  osmotic  pressure  plots  of  butanone  solutions  cf 
polymer  (A)  and  mixtures  of  acidic  and  basic  polymers  ‘ i 
(Temp.  30.2*C.). 
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Reduced  osmotic  pressure  plots  of  butanone  solutions  of  basic 
polymer  (B)  and  mixtures  of  acidic  and  basic  polymers  (A  ♦ B) 
[Temp.  30.2*C.). 
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Reduced  osmotic  pressure  plots  of  butenone  solutions  of 
acidic  polymer  (A)  and  mixtures  of  acidic  and  basic 
polymers  (A  ♦ B). 

(Temp.  50.1*C.) . 
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Reduced  osmotic  pressure  plots  of  bensene  solutions  of 
bssle  polymer  (B)  and  Mixtures  of  acidic  and  basic 
polymers  (A  ♦ B). 

(Temp.  49.7*C.). 


Slopes  (7)  of  reduced  osmotic  pressure  plots  of  solutions 
of  polymers  (A)  aid  (B)  and  their  mixtures. 

» Butanone  at  30.2*0.  o Butanone  at  50.1*0. 
e Benzene  at  49.7*0. 


